This study examined the link between executive function and functional outcome in schizophrenia to identify useful psychological intervention targets and explore how executive function changes affect social functioning and symptoms. Participants from two randomized controlled trials (n = 63) with poor social functioning, positive and negative symptoms, and cognitive impairment completed seven measures of executive function. Three cognitive factors were extracted: verbal working memory, response inhibition speed, and stimulus-driven responding. Participants received individual cognitive remediation therapy (CRT) (n = 18), a control therapy (occupational therapy activities) (n = 14), or treatment as usual (n = 19). Only the CRT group improved on verbal working memory. No group improved on the other factors. Although verbal working memory was significantly associated with social functioning and symptom severity 3 months after baseline, change in this factor did not predict change in either functional outcome. There was a significant interaction between group and the stimulus-driven responding factor, and for the CRT group only, a change to a more externally focused responding style was associated with reduced social problems and symptoms. Regardless of treatment type, increased response inhibition speed was associated with reduced negative symptoms. Stimulus-driven responding and response inhibition speed may therefore make useful targets for intervention.
tions" between memory, attention and executive functioning, and social functioning, such that cognitive measures generally account for between 20 percent and 60 percent of the variance in functional outcome. This relationship appears to be relatively stable (Dickerson et al. 1999; Addington and Addington 2000; Kurtz et al. 2003) and to emerge in both cross-sectional and longitudinal studies (Green et al. 2000) . Symptoms, by contrast, have frequently been found to be relatively poor predictors of functional outcome (Green 1996) .
There is some evidence that improved cognitive function may lead to improved social functioning. In a randomized controlled trial comparing CRT with a control therapy, Wykes et al. (1999) found differential improvements in cognitive flexibility and memory in favor of the CRT group. When these cognitive changes reached a certain threshold, a reduction in social problems was also apparent. Spaulding et al. (1999) investigated an alternative CRT package, integrated psychological therapy (IPT), in a controlled trial comparing IPT with supportive group therapy. The results showed improvements in target cognitive functions (attention, memory, and executive function) for the IPT group, as well as improvements in tests of social competence.
There are a number of difficulties faced by designers of CRT programs. First, it is unclear which cognitive functions are most important in predicting functional outcome. While Green et al. (2000) have emphasized the importance of executive functioning, memory, and vigilance, a recent study by Gold et al. (2003) has shown that the most significant cognitive predictor of vocational outcome was processing speed. Others have emphasized the importance of social cognition in predicting functional outcome (e.g., Hogarty and Flesher 1999a) . Second, while it has been generally assumed that improved cognition
There is now substantial evidence that cognition is a good predictor of functional outcome in schizophrenia. Green et al. (2000) concluded that there are "significant associa-will lead to improved functional outcome, the nature of this putative link is far from clear. Many clinical studies of CRT have not tested this hypothesis but have focused primarily on cognitive performance (e.g., Medalia et al. 2001; Silverstein et al. 2001) . Studies that have investigated the effects on the social domain have generally failed to specify the contribution of specific cognitive changes to functional change, to identify possible alternative factors that may moderate or mediate the link, or to hypothesize how the link might be formed. Furthermore, evidence from studies of learning in general suggests that skill acquisition frequently fails to generalize to a context outside the learning environment, and thus a third factor may be required to account for functional changes. For example, Medalia et al. (2000b) showed that while people with schizophrenia demonstrated improvements on a memory remediation task, they did not make greater gains than a control group on measures of immediate paragraph recall or list learning. Similarly, Velligan (2003) showed that significant cognitive improvements following the administration of quetiapine did not result in social functioning changes.
An alternative approach in evaluating the secondary effects of CRT in clinical studies has been to examine the effects of treatment on symptoms. Medalia et al. (1998) showed a significantly greater reduction in total scores on the Brief Psychiatric Rating Scale (BPRS, Overall and Gorham 1962) for a group of patients with schizophrenia who received individual sessions of computerized attention remediation, relative to controls. Similarly, Medalia et al. (2000a) demonstrated a significant reduction in symptoms for acute inpatients with schizophrenia or severe affective disorders following verbal problem-solving remediation. There was also "equivocal" evidence for greater improvement on the BPRS disorganization factor for a group of psychiatric patients (mostly with schizophrenia) who received IPT, compared to controls (Spaulding et al. 1999) .
The theoretical rationale for anticipating symptomatic improvement following CRT appears to be twofold. First, a number of psychological theories of schizophrenia implicate cognitive function in the formation of both positive and negative symptoms (e.g., Hemsley 1977; Frith 1992) . For example, Frith (1992) proposes that abnormalities in willed action, self-monitoring, and monitoring the beliefs and intentions of others can account for all the major signs and symptoms of schizophrenia. While there does seem to be support for a link between negative symptoms and impaired cognitive functioning (Nelson et al. 1990; Addington and Addington 1993) , there is little evidence for a link with positive symptoms (Nuechterlein et al. 1986; Frith 1992; Cuesta and Peralta 1995; O'Leary et al. 2000) except in some studies in which particular symptoms are matched to specific cognitive deficits (e.g., Harrow et al. 1989; Brebion et al. 2000) . In addition, symptoms of depression may underlie problems in verbal memory (Brebion et al. 2001) in people with schizophrenia.
The second theoretical issue underlying the relationship between cognitive functioning and symptoms comes from the vulnerability-stress model of schizophrenia, which postulates that certain individuals are predisposed, but not predetermined, to develop the disorder in the face of environmental stressors (e.g., Zubin and Spring 1977; Nuechterlein and Dawson 1984) . Thus, we may expect to see a longitudinal relationship between cognitive deficits and symptoms because cognitive impairments may confer increased vulnerability to relapse over time (e.g., Wykes 1994) .
A poor understanding of the putative links between cognition and either social functioning or symptoms is perhaps reflected by the varying rationales that have guided the selection of target cognitive skills in CRT studies. To date, they have been selected according to three main principles: (1) cognitive skills that appear generally to show impairment in schizophrenia (e.g., social cognition- Flesher 1999a, 1999b) ; (2) cognitive skills that appear to predict functional outcome in schizophrenia (e.g., attention, memory, and executive functioning- Spaulding et al. 1999; Wykes et al. 1999) ; and (3) idiographic cognitive skills that are selected on an individual basis according to a person's strengths and weaknesses (e.g., Yozawitz 1986; Spaulding and Sullivan 1991) .
Executive functioning fulfills all these selection criteria. There is also some face validity in a relationship between executive processes and social functioning: planning, flexible thinking, and self-monitoring all appear to be important skills for effective everyday functioning. It is perhaps for the combination of these reasons that executive functions have been a frequent target of CRT programs (e.g., Medalia et al. 1998; Spaulding et al. 1999; Wykes et al. 1999; Bell et al. 2001) .
While some researchers have argued for the concept of a unitary executive process (Baddeley 1996; Baddeley and Delia Sala 1996) , there is growing evidence that executive processes are fractionated (Roberts 1996) and may be differentially impaired. Furthermore, different executive functions may have different behavioral consequences (Burgess et al. 1998) . Despite this evidence, studies of either the association between executive functioning and social functioning, or the impact of CRT on functional outcome, have generally failed to specify the executive functions targeted and have used a range of executive tests measuring a wide variety of unspecified executive functions.
This study aimed to address some of these issues using combined data from two randomized controlled tri-als of a CRT program first devised by Delahunty and Morice (1993) . It investigated:
1. the constituent executive skills in a number of tests using factor analysis in a sample of people with schizophrenia 2. the predictive value of the baseline executive factors for both concurrent and later social functioning and symptomatology 3. the nature of executive change following administration of the CRT program 4. the relationship between changes in executive factors and changes in symptoms and social functioning, to begin to clarify the link between executive and functional changes
It was hypothesized that executive functioning would be associated with social functioning as well as later positive symptoms or symptom severity, because cognitive deficits may act as a vulnerability factor for relapse. It was predicted that executive changes would lead to associated functional outcome changes.
Method
This study combines data collected as part of two trials, both investigating a CRT program (Delahunty and Morice 1993) . The first trial recruited 50 schizophrenia patients between the ages of 18 and 65 who had been in touch with psychiatric services for at least 2 years (referred to in this article as the chronic schizophrenia group). Of these participants, 35 were randomized to receive either CRT or a control psychological treatment consisting of occupational therapy activities. The main findings from this study have previously been reported in Wykes et al. (1999 Wykes et al. ( , 2003 . The remaining 15 were recruited some time later, using identical inclusion criteria, to form a treatment-as-usual comparison condition. The second trial was a randomized controlled trial comparing CRT with treatment as usual (TAU). Participants were 31 people who had received a diagnosis of schizophrenia in the last 4 years and were between the ages of 16 and 24 years (referred to as the recent-onset schizophrenia group).
All participants fulfilled the following inclusion criteria: (Wilson et al. 1991) or within the "low average," "borderline," or "impaired" ranges on Behavioural Assessment of the Dysexecutive Syndrome (BADS, Wilson et al. 1996) were also considered to satisfy the cognitive inclusion criterion. These cutoff scores were also one standard deviation below the normative mean. A discrepancy from the normal population of more than one standard deviation may suggest a trend toward a significant deficit (e.g., Lezak 1995) . Harvey and Serper (1999) classified performance scores falling more than one standard deviation below the normative mean as being indicative of moderate impairments in a schizophrenia population. Participants were referred from Community Mental Health Services in the South London and Maudsley National Health Service Trust. Permission for the patients to take part in the study was gained from their consultant psychiatrist, and their key worker was contacted to ensure there were no contraindications for receiving CRT. All participants gave informed, written consent following a full oral and written explanation of the study.
Method-Part I
All participants with complete data sets were included, as these were required for the statistical analyses. Participants were assessed at baseline across a number of domains (see below) by a psychiatrist (for symptoms) or a psychology graduate (for all other domains), neither of whom knew the participant's group assignment. Information about the social functioning of each participant was provided by someone who knew the participant well (e.g., a key worker, a relative), who was also blind to group assignment. For neuropsychological measures, raw scores were chosen where possible, in order to retain within-sample variance.
Measures
Basic demographic information. Collected from case notes, key workers or carers, and participants, basic demographic information included age, time spent in formal education, and time since first contact with psychiatric services.
Social functioning. The SBS (Wykes and Sturt 1986) measured social functioning. The outcome variable was the total score, with a high score indicating a large number of problem behaviors.
Symptoms. The total score for the BPRS-expanded version (Ventura et al. 1993 ) was used as a measure of symptom severity, the thinking disturbance subscale score as a measure of positive symptoms, and the withdrawal and retardation subscale score as a measure of negative symptoms. Depression was measured using the depression item.
Current intellectual functioning. A short-form WAIS-R (Wechsler 1981) was used to measure current intellectual functioning. This included the vocabulary, digit span, picture completion, and picture arrangement subtests for the chronic schizophrenia group; and the information, similarities, object assembly, block design, and digit symbol for the recent-onset schizophrenia group.
Executive functioning 1. WCST (Milner 1963) . The key outcome variable was the number of perseverative errors. (Burgess and Shallice 1997) . In the first part of this task, the participant is asked to complete 15 sentences as quickly as possible with a word that makes sense (e.g., "He posted the letter without a . . ."; "stamp"). The second part requires the participant to inhibit a strongly primed word and to complete a second set of sentences with a word that does not make sense in the context (e.g., "The captain wanted to stay with the sinking . . ."; "banana"). The outcome variable was the converted error score for part two. 3. Stroop Color-Word Test (Trenerry et al. 1989) . The outcome variable was the total time taken to complete the color-word task minus the total time taken to complete the color task. 4. Digit span subtest: WAIS-R (Wechsler 1981) . The raw score was used as the outcome variable. 5. Verbal Fluency: Controlled Oral Word Association Test (Benton and Hamsher 1989) . This was the F, A, S version, in which participants generate as many words as possible beginning with each letter in a minute. The outcome variable was the total number of correct responses. (Wykes et al. 1990 ). This is a measure of response inhibition that is completed in three parts. The first part tests the simple reaction time to press a button to turn off a light. For the second part (the compatible condition), four red lights with four adjacent buttons are presented to the participant, who should turn off the illuminated light with the adjacent button. This part thus sets up a prepotent response. In the third part (the incompatible condition), lights must now be extinguished using the button one position away in a clockwise direction from the light. The outcome variable was the median time for the incompatible condition minus the median time for the compatible condition. 7. Modified Six Elements Test (BADS, Wilson et al. 1996) .
Hayling Sentence Completion Task

Spatial Response Inhibition Test
This test requires the participant to carry out a portion of three tasks (dictation, arithmetic, and picture naming), each of which is divided into parts A and B, in 10 minutes. No two parts of the same task can be completed consecutively. The outcome variable was the total raw score: the number of subtasks attempted minus the number of rule breaks.
Statistical Analysis. To identify component executive processes, an exploratory factor analysis of outcome measures on executive function tests was carried out using principal components analysis with varimax rotation. Factors with eigenvalues greater than 1 were extracted. As a rule of thumb, loadings greater than 0.4 were treated as important
Results-Part I
Participants. Sixty-three participants had complete data, 37 in the chronic group and 26 in the recent-onset group. Demographic, social functioning, and symptom-related information for the complete group is summarized in table 1. Many participants were experiencing psychotic symptoms at the time of the trial. Thirty people were given at least a moderate rating for unusual thought content on the BPRS, and 25 were rated as such for hallucinations.
The total SBS scores (mean = 13.8, standard deviation [SD] = 9.0, range = 1-39) suggest that participants had similar levels of social and behavioral problems as have previously been reported in patients in long-stay wards, rehabilitation services, day hospitals, and supervised hostels (Wykes and Sturt 1986) .
All but two participants received antipsychotic medication. Twenty-eight received typical antipsychotics updating of memory for words that have already been supplied. Finally, the Six Elements test requires the participant to keep the test instructions in mind throughout the task and to update memory for tasks just carried out. The latter two tasks may also require further mental manipulation and updating of memory if the participant is to implement a strategy. Factor 2-response inhibition speed. The Stroop and the Spatial Response Inhibition task were the most significant contributors to factor 2. These test scores appear to measure latency to inhibit automatic, dominant responses. In each case, simple processing speed was excluded by subtracting the time score of a control condition in which response inhibition was not required but all other aspects were comparable.
Factor 3-stimulus-driven responding. The most significant contributions to this factor were made (in a negative direction) by the WCST number of perseverative errors and (in a positive direction) the Hayling error score. This correlation between good WCST performance and poor performance on the Hayling Sentence Completion Task seems somewhat counterintuitive. A possible interpretation is that the factor reflects the extent to which responses are stimulus driven (rather than internally driven), with high scores indicating a tendency to be highly stimulus driven. A person who is primarily driven by external stimuli in his or her responses may find it difficult to override stimulus-driven responses in order to respond according to an internal rule, resulting in incorrect responses when environmental cues are inappropriate (and thus a high error score on the Hayling). However, such a person may have little trouble switching categories in the WCST (thus avoiding perseverative errors), since information on how to respond is tester-rather than selfgenerated.
Method-Part II
Participants who fulfilled the cognitive impairment/inefficiency criterion were randomly assigned to either an experimental or a control condition. The experimental condition comprised 25 people from both the chronic and recent-onset schizophrenia groups who received 40 sessions of individual CRT. Control participants comprised 14 people from the chronic schizophrenia group who received 40 sessions of an individual control therapy (occupational therapy activities-see below for a description) and 22 people from the chronic and recent-onset schizophrenia groups who received TAU.
For the analyses including cognitive change scores over time, participants were included only if they had complete data both pre-and posttreatment, because this was required to calculate factor scores. Therapies. Therapies were matched for therapist contact and length of treatment. Both involved 40 hour-long sessions of individual therapy administered on at least 3 days per week over consecutive weeks. All therapy sessions were delivered in addition to any other program of activity undertaken by participants, and efforts were made to ensure that usual treatment was not disrupted. To maintain therapeutic fidelity, no therapist administered both CRT and the control therapy.
CRT. This was a manual-based therapy using a variety of training techniques, such as scaffolding and errorless learning, that have led to improved cognitive performance in laboratory studies (Kern et al. 1996 (Kern et al. , 2002 Harvey et al. 2002) . It focuses primarily on attention, memory, and executive functioning. It consists of three modules: cognitive shift, memory, and planning, throughout which information processing strategies (e.g., verbalization, memory mnemonics, categorization, self-instruction, self-monitoring) are explicitly taught. In a recent meta-analysis, Krabbendam and Aleman (2003) showed that CRT programs using a strategy-learning model led to superior cognitive improvements relative to those using a rehearsal-based approach. The therapy consists of a series of pencil-and-paper tasks that can be tailored to the level of the individual and that gradually increase in difficulty as the therapy progresses. Strategy use, well-organized behavior, and accurate performance were frequently positively reinforced.
The cognitive shift module consists of tasks involving the engagement, disengagement, and reengagement of a single cognitive set or the switching between two cognitive sets. For example, an "odds and evens" task requires the patient to search serially through a list of numbers and to delete either the odd or the even numbers. Thus, the participant has to remember one cognitive set at a time (odds or evens) and then to switch to the alternative set when the search rule changes.
The memory module targets both working memory, through the introduction of two or more information sets to be held in mind simultaneously or to be mentally transformed, and long-term memory, through training in the use of chunking, semantic, visual, or phonological organization of to-be-remembered material and mnemonic strategies.
Finally, the planning module continues to require an increasing number of information sets to be mentally maintained or transformed and emphasizes the organization of these cognitive sets to achieve a goal. This frequently requires the development and implementation of a strategy and the use of subgoals.
Control therapy. This therapy controlled for therapist contact and consisted of activities similar to those found in occupational therapy settings in psychiatric services. It included relaxation training, assertiveness train-ing (using role-plays and discussion of real-life scenarios), creation of a diary, comprehension of social information, and role-play. While it was designed to overlap as little as possible with the CRT program in form and content, the length and intensity of the treatment required a high degree of face validity for patients to be engaged in therapy for the full 40 sessions. Therefore, it was difficult not to include activities that could affect the target functions of CRT.
Assessment. All participants were assessed at baseline and either following treatment or 3 months postbaseline (for TAU participants) using the same measures and procedure as for part I. Symptoms were rated by a single assessor who was blind to group assignment. Assessors of neuropsychological data were blind to condition at baseline but not at the second assessment Key workers who provided social functioning data were also not blind at the second assessment, although anecdotal evidence suggests that most had a limited understanding of the experimental design and believed both treatments to be therapeutically active.
Statistical Analysis.
Simple linear regression equations were conducted to investigate (1) the cross-sectional relationship between the executive factors and functional outcome (in terms of social functioning and symptoms) at baseline, and (2) the longitudinal relationship between executive function and functional outcome, such that time 2 social functioning and symptom scores were treated as the dependent variables and baseline factor scores as predictors. All participants (n = 63) were included in these analyses because baseline cognitive data were available for all.
For the comparative therapy analyses, the data from 51 participants-18 in the CRT group, 14 in the control therapy group, and 19 in the TAU group-were used, because factor scores could be calculated for only cases with complete data. Demographic, clinical, and cognitive test data were compared between the three groups using either one-way analyses of variance for continuous data or chi-square tests for categorical data.
Factor scores at time 2 were calculated for each participant using the baseline factor solution. Between groups, simple factorial analyses of covariance (ANCOVAs) for each factor were then conducted, using time 2 factor scores as the dependent variable, group as the independent variable, and time 1 factor scores and age as covariates. This type of analysis is more powerful than alternatives such as repeated measures analyses (see Senn 1997; Everitt and Pickles 1999) .
To investigate the effects of executive change, the differences in executive factor scores between time 1 and time 2 were calculated for each participant, and these change scores were used as covariates in further ANCOVAs. In these analyses, time 2 social functioning or symptom scores were treated as the dependent variables, group was the fixed factor, and time 1 social functioning symptom scores and age were used as additional covariates. It was hypothesized that change may occur differently between the groups because learning new information processing strategies (as occurs in CRT) may be more likely to lead to social functioning changes than nonspecific cognitive change (as may also occur within the control therapy or treatment groups). Thus, CRT may act as a mediating factor between cognitive change and change in functional outcome. Therefore, an interaction term was included in the model (group X cognitive change).
Results-Part II
Cross-Sectional Relationships Between Executive
Functioning and Functional Outcome. There was a trend only for faster response inhibition speed to predict better social functioning at baseline (t = 1.698, df = 55, p -0.095). Poor verbal working memory was associated with high levels of negative symptoms (t = -2.653, df = 60, p = 0.010), depression (r = -2.183, df= 60, p = 0.033), and overall symptom severity (t = -2.318, df= 60, p = 0.024). Neither of the other executive factors was significantly predictive of any of the symptom measures.
Associations Between Baseline Executive Functioning and Subsequent Functional Outcome. The only baseline executive factor related to social functioning at time 2 was verbal working memory, and this was almost significant (/ = -1.987, df= 47, p = 0.053). This trend remained even when depression was included as a possible predictor (f = -1.827, df=45,p = 0.074).
There was also a trend for the baseline verbal working memory factor to predict total symptom scores (r = -1.779, df= 49, p = 0.076; confidence interval [CI]: -6.365 to 0.388) and the thinking disturbance subscale score at time 2 (r = -1.919, df= 49, p = 0.061; CI: -4.246 to 0.098), and for the stimulus-driven responding factor also to predict the thinking disturbance subscale score (t = -1.808, df= 49, p = 0.077; CI: -3.752 to 0.198). None of the other associations between executive factors and symptom scores at time 2 were approaching significance.
In summary, good social functioning, lower symptom severity, and few positive symptoms are predicted by having good verbal working memory 3 months previously. Few positive symptoms are to some extent also predicted by more externally focused stimulus-driven responding.
Executive Change Following CRT. At baseline, the groups were comparable on all variables except number of years of formal education (F = 6.40; df = 2, 48; p = 0.003), time since first contact with psychiatric services (X 2 = 13.57, df = 6,p = 0.04), and age (F = 4.08; df= 2, 48; p = 0.02). There were no significant differences between the three groups in estimated current full-scale IQ, or in any of the factor scores at baseline. Because raw scores (rather than age-scaled scores) were generally used for the neuropsychological test data, age was used as a covariate in all further analyses.
Medication. At time 1, chi-square tests revealed no significant differences between the three groups in the proportions of people receiving typical antipsychotic medication, clozapine, olanzapine, or risperidone. Results from Kruskal-Wallis tests indicated no significant difference in chlorpromazine equivalent dosages of typical antipsychotic medication (x 2 = 0.13, df= 2, p = 0.94) and no significant difference in anticholinergic medication (x 2 = 0.92, df= 2,p-0.63) between the three groups.
Change in Factor Scores Over Time. Simple factorial ANCOVAs revealed a main effect of group for the verbal working memory factor (F = 3.682; df= 2, 46; p = 0.033) but no effect for the other factors (factor 2: F = 1.304; df= 2, 46; p = 0.281; factor 3: F = 0.542; df = 2, 46; p = 0.585). Means for each factor are shown in table 4. The only significant difference between the groups was between the CRT group and the TAU group (f = 2.693, df -46, p = 0.010), with the CRT group performing significantly better than the TAU group, and with the control group performing somewhere in between. Change in depression scores was then included as an additional covariate to investigate the possible mediating role of changing depression in predicting verbal memory change. It was not a significant predictor.
Medication Changes.
Although there were few changes in medication and the groups were comparable, further ANCOVAs were carried out that excluded participants whose type of medication changed or whose dosage was increased or decreased by 25 percent or more of the original dose (n = 5 received CRT, n = 3 received the control therapy, n = 5 received TAU). The results of these analyses continued to show a significant main effect of group for only the verbal working memory factor (F = 3.676; df = 2, 34; p = 0.04). The performance of the CRT group was significantly better than that of both the control group (/ = -2.220, df= 34, p = 0.033) and the TAU group (r = 2.490, df = 34, p = 0.018), and there was no significant difference between the control and TAU groups.
When drug type (typical vs. atypical antipsychotic mediation) was included as an additional fixed factor, the interaction between group and drug type was not significant, so it was excluded from the model. A main effect for only the verbal working memory factor was apparent in the resulting ANCOVA for both group (F = 4.908; df= 2, 41; p = 0.012) and type of drug (F = 7.054; df= 1,41; p = 0.011). These results indicate that people on atypical antipsychotic medication show significantly greater improvement in verbal memory than those on typical antipsychotic medication, regardless of group, but that for each drug type, the CRT group performed consistently better than the other two groups. This pattern of performance is shown in figure 1.
Associations Between Executive Change and Improvement in Functional Outcome. There was a significant interaction between group and change in the stimulus-driven responding factor score (F = 3.378; df = 2, 35; p = 0.046), such that for the CRT group only, change in this factor was a significant predictor of time 2 social functioning scores, when baseline social functioning and age had been accounted for (f = -2.327, df =35, p = 0.026). For the other two groups, this relationship was not significant. There were no significant interactions between change in the other two factors and group, and so the interaction term was removed from the model. There were no main effects for either of the other two cognitive factors. With respect to change in symptoms, there were no significant interactions between group and change in the executive factor scores in predicting any of the symptom scores. The interaction between stimulus-driven responding and group in predicting BPRS total scores approached significance (F = 2.484; df = 2, 38; p = 0.097). Further analyses showed that the change in this cognitive factor was a significant predictor of symptom severity for only the CRT group (t = -2.242, df -38, p = 0.031), such that a more external focus (i.e., a greater stimulus-driven responding factor score) was associated with a reduction in overall symptom severity. For all other models, the interaction terms were removed and the main effects of cognitive change were examined. There was then a trend for change in the response inhibition speed factor to predict change in the withdrawal and retardation subscale scores (F = 3.361; df= 1, 42; p = 0.074), such that faster speed was associated with fewer negative symptoms.
In summary, for the CRT group only, reductions in social problems and symptom severity were predicted by an increasingly externally focused or stimulus-driven style of responding. For the complete sample, there was some suggestion that becoming faster in inhibiting inappropriate but automatic responses was associated with fewer negative symptoms.
Discussion
Identifying Component Executive Processes. From seven measures of executive functioning were extracted three factors: (1) verbal working memory, (2) response inhibition speed, and (3) stimulus-driven responding. The first two factors appear to represent cognitive processes that are frequently postulated in the literature as important executive functions (e.g., Logan 1985; Baddeley 1996; Lyon and Krasnegor 1996; Smith and Jonides 1999; Miyake et al. 2000) . Similar factors have also been identified in a number of factor analytic studies of executive functioning in schizophrenia samples (Kremen et al. 1992; Greve et al. 1997; Poole et al. 1999) . The stimulus-driven responding factor is hypothesized to reflect a continuum between extremes of a "cognitive style" within this schizophrenia sample, those who have a general tendency to focus on external rather than internal stimuli who get a high score and those whose cognitive style tends to be more internally focused who get a low score.
Associations Between Executive Function and
Functional Outcome. Faster response inhibition speed was associated with better social functioning at baseline, which is consistent with Gold et al.'s (2003) findings that psychomotor speed was a significant predictor of vocational outcome. Surprisingly, there were no significant cross-sectional correlations between social functioning and other executive functions. Low levels of negative symptoms, depression, and overall symptom severity at baseline were all significantly associated with good verbal working memory, which again is consistent with the literature (Stirling et al. 1997; Brebion et al. 2001) , but neither of the other cognitive factors was significantly associated with any of the symptom measures.
Longitudinally, there was a trend for baseline verbal working memory to predict social functioning 3 months later, which could not be accounted for by levels of depression. This is consistent with Green et al.'s (2000) review. There was also a trend for only the verbal working memory factor at baseline to predict total symptom scores 3 months later, and it was a significant predictor of subsequent positive symptoms. There was also a suggestion that the stimulus-driven responding factor acts as a predictor of positive symptoms. None of the cognitive factors was predictive of negative symptoms at the second assessment. These findings are consistent with the hypothesis that cognitive deficits may act as vulnerability factors, conferring an increased risk of relapse in the face of stressors.
Executive Improvements Following CRT. Participants who received CRT improved significantly on the verbal working memory factor, and this improvement could not be accounted for by a reduction in levels of depression. Scores of participants who received the control therapy fell midway between the CRT and TAU groups. This effect was not attributable to medication changes or type. However, people who were prescribed atypical antipsychotic medication showed significantly greater improvement in verbal working memory than those prescribed typical antipsychotic medication. Thus, the greatest benefit was gained by those who both received CRT and were prescribed atypical antipsychotic medication. There were no significant differences between the three groups at time 2 (controlling for baseline scores and age) on the stimulus-driven responding or response inhibition speed factors. Thus, CRT appears to have a specific and significant positive impact on verbal working memory. This is consistent with previously reported results (Wykes et al. 1999 (Wykes et al. , 2003 .
The Impact of CRT on Outcome. Despite the apparent links between verbal working memory and response inhibition speed and functional outcome, change in these cognitive factors did not predict change in functional outcome, either for the complete sample or for any of the three groups separately. However, for the CRT group only, an increased tendency to respond according to external feedback (rather than internal cues) was associated with a decrease in social problems and in symptom severity. Thus, CRT appears to act as a mediating factor. This was consistent with the hypothesis that change may occur differently within the groups: CRT specifically emphasizes learning new compensatory cognitive strategies in a structured and systematic way, and the use of such strategies may generalize more easily to activities of daily living than nonspecific cognitive changes that may occur within the course of the illness.
A possible interpretation of this association is that an increased tendency to attend to the environment rather than to focus on internal events may result in more appropriate interpretations of environmental events and other peoples' responses, as well as greater attention to external positive reinforcement and distraction from anomalous internal information, such as auditory hallucinations. These changes may result in improved social functioning and a reduction in symptoms.
So how does CRT act a mediating factor between more stimulus-driven responding and a reduction in social problems and symptoms? It seems unlikely that this is a threshold effect, such that only CRT leads to sufficient cognitive change to affect social functioning, because there were no significant differences between the groups in change in the stimulus-driven responding factor. An alternative possibility may be that only CRT leads to cognitive changes that generalize to real-life situations. Cognitive change in the other groups may be erratic and not represent a general stylistic change in cognitive behavior.
For the whole sample, there was also a trend for faster response inhibition to predict a reduction in negative symptoms. This appears to be a relatively intuitive relationship because negative symptoms are frequently partly characterized by a slowness to respond. The means by which these changes occurred did not appear to be consequential, because there were no significant interactions between group and cognitive change in predicting symptomatic change.
Conclusions. It appears that, using CRT, social functioning and symptom severity may be improved by increasing the extent to which a person's response bias is driven by environmental feedback as opposed to internal cues. This cognitive style is an already established target for cognitive behavior therapy and should perhaps be adopted as an explicit target for CRT. Achieving a faster response inhi-bition speed also appeared to be associated with a reduction in negative symptoms, regardless of treatment group. Given that these two cognitive factors were not associated with social functioning or symptoms, a simple model of choosing cognitive targets that are directly linked with functional outcome is not appropriate. The role of possible third factors may need to be explored. Furthermore, it has generally been assumed that CRT may act as a moderating factor between change in cognition and change in functional outcome, serving to increase the amount of change. However, it appears for this study that CRT may in fact act as a mediating factor, such that without CRT, change in cognition fails to affect social functioning or symptom severity. The mechanisms by which CRT facilitates this association may need to be investigated.
